Hydroethanolic extracts of C. langsdorffii leaves have therapeutic potential. This work reports a validated chromatographic method for the quantification of polar compounds in the hydroethanolic extract of C. langsdorffii leaves. A reliable HPLC method was developed using two monolithic columns linked in series (100 x 4.6 mm -C 18 ), with nonlinear gradient elution, and UV detection set at 257 nm. A procedure for the extraction of flavonols was also developed, which involved the use of 70% aqueous ethanol and the addition of benzophenone as the internal standard. The developed method led to a good detection response as the values for linearity were between 10.3 and 1000 μg/mL, and those for recovery between 84.2 and 111.1%. The detection limit ranged from 0.02 to 1.70 μg/mL and the quantitation limit from 0.07 to 5.1 μg/mL, with a maximum RSD of 5.24%. Five compounds, rutin, quercetin-3-O-α-Lrhamnopyranoside, kaempferol-3-O-α-L-rhamnopyranoside, quercetin and kaempferol, were quantified. This method could, therefore, be used for the quality control of hydroethanolic extracts of Copaifera leaves and their cosmetic and pharmaceutical products.
The Copaifera L. genus (Leguminosae-Caesalpinioideae), popularly known as "copaiba," is comprised of trees that grow mainly in the states of Amazonas, Pará, and Ceará in northern Brazil. The main constituents of copaiba oil are sesquiterpenes, such as β-caryophyllene and α-copaene, and diterpenes, such as kaurenoic and copalic acids [1] . C. langsdorffii Desf. has received interest not only for its trunk medicinal oil, but also for that of its leaves. The occurrence of colleters on the adaxial face of the leaves of this plant has been reported [2] . Aromatic and phenolic compounds of C. langsdorfii seeds denote the potential for their use in the cosmetic and pharmaceutical industries [3] . The effect of a hydroethanolic extract of C. langsdorffii leaves on crystal deposition in experimental urolithiasis has been evaluated [4] . Phytochemical studies described in this work demonstrate that C. langsdorffii leaves also includes polar compounds such as quercetin-3-O-α-L-rhamnopyranoside (quercitrin) and kaempferol-3-O-α-L-rhamnopyranoside (afzelin). Considering the importance of the phenolic compounds in the aerial parts of C. langsdorffii for the development of new products, a reliable quantitative method for the analysis of these constituents was developed [5] . Analytical techniques for separation and analysis of polyphenols in distinct plant matrices have been published [6, 7] . Important studies on the chemical and biological characterization of Copaifera species have been reported [8, 9] . However, there is a lack of a validated analytical method to ensure the quality of C. langsdorffii leaves. The development of a well validated method for the chemical standardization of hydroethanolic extracts of C. langsdorffii leaves is clearly important if chemical composition and biological activity are to be related [1, 4] . Therefore, the present work reports the chemical composition and a validated chromatographic method for the quantitation of polar compounds from C. langsdorffii leaves.
A comparative study was made of different extraction times using different proportions of ethanol and water. The best extraction conditions for the quantitation of the major flavonol compounds were 70% aqueous ethanol for 60 min. A 500 mg sample was established to facilitate routine analysis. Extraction at 40°C was found to be sufficient to extract the total flavonol content.
A detection wavelength of 257 nm gave the best abundance for the target flavonols with minimal noise within the chromatographic profile. The chosen internal standard (IS; benzophenone) and the secondary standard (SS; piperonal) met all the necessary requisites. The best separation and resolution of peaks that allowed the quantification of the major flavonol compounds were achieved with the parameters described in the HPLC-PDA experimental section.
The selectivity of the method was determined by comparing the chromatographic profile of the samples with those obtained for the standards. The RSD (%), separation factor, peak base width, and number of theoretical plates calculated are presented in Table 1 . The chromatogram of a standard mixture of the evaluated flavonols is shown in supplementary data.
The calibration curves of the five flavonols, IS and SS were obtained by plotting the peak areas against the corresponding concentrations of the standard solutions. The concentration range was between 10.3 and 1000 μg/mL for all compounds. A regression analysis was used to assess the linearity of the analytical method ( Table 1 ).
The detection limit (DL) and quantitation limit (QL) for each of the five phenolics, IS and SS are displayed in Table 1 . The DL ranged from 0.02 to 1.70 μg/mL (ppm), and the QL from 0.07 to 5.11 μg/mL, with a maximum RSD of 5.24 %.
With respect to repeatability (intra-day precision) and intermediate precision (inter-day precision), taking into account the retention NPC Natural Product Communications 2012 Vol. 7 No. 1 25 -28 1 α: separation factor; N: number of theoretical plates; Wb: peak base width. LDR: linear dynamic range (μg/mL); LRE: linear regression equation, * linear regression analysis with a regression equation of y = ax+b, in which x is the concentration in μg/mL and y is the peak area, n: number of points (μg/mL) of each calibration curve, DL: detection limit and QL: quantitation limit in μg/mL. ** Relative standard deviation considering QL values. Afzelin: kaempferol-3-O-α-L-rhamnopyranoside. time and concentration of each compound, the maximum RSD was 4.23% ( Table 2 ).
The accuracy and recovery were established by analyzing five replicates of rutin, quercitrin, afzelin, quercetin and kaempferol at three different concentrations under the developed analytical conditions. The results displayed in Table 3 show that the proposed extraction method led to a recovery of the compounds between 84.2 and 111.1% over a concentration range of 40 -355 μg/mL. Also, the RSD was lower than 2.0% and the relative errors were lower than 16%. In addition, the use of the secondary standard, piperonal, allowed the determination of both the accuracy and recovery of benzophenone (IS). The recovery was 77.6% with an RSD (%) of 5.1%, and a relative error of -22.4%.
The robustness test examines the potential sources of variability in one or a number of responses of the method [10] . Assessing the RSD (%), for each response studied for quercitrin and afzelin, sample amount (A), injected volume (K) and UV wavelength (J) were susceptible as peak area, peak height and concentration responses, displaying means of 9, 20 and 15%, respectively. The RSD (%) for the extractor solvent (F) was between 50 and 60%. All other RSD values, evaluating factors and responses were lower than 8.0%. Taking into account the experimental design and the number of variables involved, the RSD values may be acceptable within a limit range of 20% [11] . Therefore, the proportion of organic solvent should never be changed, allowing not only a robust HPLC analysis, but also the use of the developed method in other laboratories, e.g., in interlaboratory studies. The HPLC method developed has been applied since the second half of 2009. During this period, at least twelve samples of C. langsdorffii leaves have been analyzed monthly in triplicate. The concentration of quercitrin ranged from 232 ± 2.7 to 626 ± 7.5 μg/mL, and that of afzelin between 183 ± 2.0 and 313 ± 4.0 μg/mL. 35 -39), 40% of B (min. 39 -42), 40 -100% of B (min. 42 -47), 100% of B for 1 min, and finally 12 additional mins to return to the initial conditions and re-equilibration of the column. During the entire elution program, the flow rate was 1.0 mL/min. The spectral data from the photodiode array detector were collected after 60 min. over the 256 -366 nm range of the absorption spectrum; the chromatograms were plotted at 257 nm. All peaks were assigned according to retention times, co-elution with authentic standards, and the UV spectra of the compounds under the same chromatographic conditions.
Validation of the method:
The selectivity, linearity, detection and quantitation limits, repeatability (intra-day precision), and intermediate precision (inter-day precision) were determined according to the literature [11, 13] . The accuracy and recovery of the method for the determination of the concentration of rutin, quercitrin, afzelin, quercetin, kaempferol, and benzophenone (IS) were determined based on the results obtained for 5 replicates that were each analyzed 3 times. Three different concentrations in the linear range were studied.
For this purpose, 50 g of powdered (35 mesh) C. langsdorffii leaves were exhaustively extracted with 96% aqueous ethanol using a Soxhlet apparatus to reduce the content of phenols in the biomass to trace amounts. After extraction, the remaining biomass was dried, and the residual phenolic compounds were quantified. Three different concentrations, i.e., a low, medium and high content of rutin, quercitrin, afzelin, quercetin, and kaempferol were added to the raw material. Subsequently, 20 mL of a solution of 50 μg/mL of IS in 70% aqueous ethanol were added to all samples. Then the extraction procedure was carried out as described in the sample preparation section. Aliquots (5 mL) of each filtered sample were transferred to small flasks, and 1 mL of an ethanolic solution containing a known concentration of piperonal (2.9 mg/mL) was added to all samples just before HPLC analysis to allow the quantification of rutin, quercitrin, afzelin, quercetin, kaempferol, and IS. The robustness of the method was assessed according to the experimental design proposed by Plackett -Burman [10] 
